Aphids are the most important pests on wheat in Egypt and worldwide. Field trials were conducted to assess the efficacy of the neonicotinoid insecticides imidacloprid (Nufidor 60% FS; at the doses of 2. 1, 1.05 and 0.525 g a.i./kg of seeds) and thiamethoxam (Cruiser 70% WS; at the rates of 14.4, 7.2 and 3.6 g a.i./kg of seeds) as seed treatments, and thiamethoxam (Actara 25% WG; at the rates of 0. 1, 0.05 and 0.025 g a.i./l) as foliar application, against three wheat aphids: bird cherry oat aphid, Rhopalosiphum padi (L.), greenbug, Schizaphis graminum (Rondani), and corn leaf aphid, Rhopalosiphum maidis (Fitch). Their effects on the aphids' natural enemies: lacewings, Chrysoperla carnea Stephens, ladybird beetles, Coccinella spp., and syrphid flies Syrphus spp. were assessed as well. The trials were conducted on the farm of the Faculty of Agriculture, Suez Canal University, Ismailia Governorate, during 2013/14 and 2014/15 seasons. Our results showed significant differences between the tested insecticides at all concentrations and clearly indicated that the recommended doses of all insecticides were more efficient against aphids on wheat plants than half-and quarter-doses. Also, the data revealed significant differences between the two seed treatments at all doses before and after foliar application, as compared to the control at all time intervals of inspection regarding the mean number of aphids on wheat plants, from the 3 rd until 13 th week after sowing, except in the 8 th week after seed treatment before foliar application. The results clearly indicated that the weekly reduction of infestation and the general efficacy was higher at the recommended doses of Nufidor, Cruiser and Actara than the half and quarter doses in both seasons. Also, reduction in infestation decreased over the following weeks until the 8 th week, when Actara insecticide was sprayed. Data revealed that there were no significant differences between treatments and control in the mean number of Chrysoperla carnea and Syrphus spp., while a significant difference in the mean number of coccinellids was observed on wheat plants treated with imidacloprid seed treatment before foliar application 6 and 7 weeks after sowing, and also after foliar application with thiamethoxam 9, 10, 11, 12 and 13 weeks after sowing. Regarding thiamethoxam seed treatment, significant differences were revealed in the ladybird population on wheat plants 3, 4, 7 and 8 weeks before foliar application, and only in the 10 th week after spraying with thiamethoxam.
IntRodUctIon
Wheat plays an important role in the diet of Egyptians, while annual production of wheat (Triticum aestivum L.) is insufficient to cover Egyptian demand. Cereal aphids are serious pests that attack cereal crops in Egypt, particularly wheat, barley and maize (ElHariry,1979; El-Heneidy, 1994) , which causes a damage estimated at up to 23%, particularly in Upper Egypt, where the highest infestation intensity mostly occurs (Tantawi, 1985) .
Direct damage that aphids cause to crops include: sap ingestion, desiccation of leaves, reduced germination potential and productivity, and finally plant death. Indirect damage is caused through stunting and premature plant death, reduction in photosynthesis, as well as sterilization of inflorescences, plentiful honeydew production, which may result in deformed leaves, and growth of sooty mold (Blackman & Eastop, 2000) . Among economic pests, 29 aphid species infest wheat crops (Kuroli, 2000) . Predominant species are the greenbug, Schizaphis graminum (Rondani) and bird cherry oat aphid, Rhopalosiphum padi (L.) (Bosque-Perez & Schotzko, 2000) . In Egypt, El-Heneidy and Adly (2012) recorded 11 species of aphids on wheat, and the most dominant species were Rhopalosiphum maidis, R. padi and S. graminum.
Since 1990, a new class of synthetic chemicals, the neonicotinoids, has entered the pesticide market and its use has grown rapidly. The neonicotinoids have a systemic mode of action in the plant, which becomes toxic for insects sucking the circulating fluids or ingesting parts of it. They are effective in the control of a range of insect pests, including aphids. This group of insecticides is frequently applied to crops as seed treatments at sowing to protect seedlings (Magalhaes et al., 2009 , Simon-Delso et al., 2014 . However, the systemic nature of these insecticides means that they get into other parts of the plant including pollen and nectar; thus non-target species harvesting those parts of the plant, e.g. predators exposed through ingesting prey, will also be exposed, often for a long time due to the chemicals' persistence (Neumann, 2015) . Conservation of natural enemies through using selective pesticides has been one of the main criterions for establishing an integrated pest management program (El-Zahi, 2012; Suhail et al., 2013) . The aim of this study was to assess the efficacy of several neonicotinoid insecticides registered in Egypt for seed treatment and foliar application against wheat aphids, as well as their impact on aphid predators, in order to obtain research data for improving the management of their populations.
MAtERIALS And MEtHodS

Experimental design
Field experiments were conducted at the Experimental Farm, Faculty of Agriculture, Suez Canal University (SCU), Ismailia, Egypt, during two successive wheat growing seasons of 2013/14 and 2014/15. Seeds of the wheat cultivar Gemiza 9 used in this study were acquired from the Agronomy Department, Faculty of Agriculture, SCU. The experiment was laid out in a randomized complete block design with seven treatments including a control and four replicates of each. An area of about 0.168 ha was prepared and divided into plots; each plot was about 4 m long and 1.8 m in width, four-rows in each plot, spacing between rows ≈ 45 cm. Treated wheat seeds were sown by drilling in hills and the spacing between hills in the same row was ≈ 20 cm. All agronomic practices were conventionally practiced over the different growth stages of wheat plants in all treatments throughout both growing seasons as required. Control treatments were also conducted using untreated seeds.
Insecticides used
The neonicotinoid insecticides used in this study were imidacloprid (Nufidor 60 FS; Cairo Chemicals) and thiamethoxam (Cruiser 70WS and Actara 25 WG; Syngenta), both registered for use in wheat fields in Egypt. The recommended rate (RR), ½ of the RR, and ¼ of the RR of the insecticides were prepared as follows: 14.4, 7.2 and 3.6 g a.i./kg of seeds for Cruiser 70 WS; 2.1, 1.05 and 0.525 g a.i./kg of seeds for Nufidor 60 FS; and 0.1, 0.05 and 0.025 g a.i./l for Actara 25 WG.
Treatments
Seed treatments with Nufidor 60 FS and Cruiser70 WS, followed by foliar application with Actara 25 WG (eighth week after sowing) were tested in these trials. Solutions of each tested concentration of Nufidor 60 FS were freshly prepared and applied directly to one kg of seeds. Treated seeds were left for three hours to dry out and then sown. The tested concentrations of Cruiser 70 WS were directly mixed with wet seeds using big plastic bags to ensure seed coating. A single foliar treatment with Actara 25 WG at its tested concentrations was performed by a backpack sprayer in a broadcast application on wheat plants. The insecticides were applied on 15 January 2015, when wheat plants were about 2 months old.
Effect on aphids and their natural enemies
Field observation started 3 weeks after sowing and continued up to 13 weeks after sowing. Weekly samples of 10 plants of each replicate were examined and aphids (R. padi, R. maidis and S. graminum) and their predators, ladybird beetles Coccinellaspp, lacewings Chrysoperla carnea Stephens and syrphid flies Syrphus spp., were counted. The percent reduction in insect infestation was calculated for the seasons 2013/14 and 2014/15 according to a modified version of Abbott's formula (Abbott, 1925) :
Cn where: n = the number of insects, T = treatment, C = control
Statistical analysis
Aphid and predator counts were subjected to an analysis of variance (ANOVA) and the means were separated by LSD test at P ≤ 0.05. (SAS Institute, 2004) .
RESULtS
Effects of insecticides on aphid infestation
Data presented in Tables 1 and 2 show the effects of three concentrations (RR, ½ RR, and ¼ RR) of the tested insecticides applied as seed treatment prior to sowing (Nufidor 60 FS and Cruiser 70 WS), and foliar treatment (Actara25 WG) in the 8 th week after sowing, on the mean number of aphids recorded weekly on wheat plants starting from the 3 rd through 13 th week of plantation. Data showed significant differences between the tested insecticides at all concentrations and clearly indicated that the recommended doses of all insecticides were more effective against aphids on wheat plants than the half and quarter doses. The data showed that the mean number of aphids increased gradually with time after seed treatment, reaching a maximum by the 9 th week, just before foliar application with Actara. One week after spraying, the number of aphids declined to zero in both seasons, such as in plots with the recommended rates (RR) of Nufidor and Cruiser, and then increased gradually until the inspection in the 13 th week after sowing. These data revealed significant differences in the mean number of aphids on wheat plants between the two seed treatments at all doses before and after foliar application, compared to control plots, at all time intervals of inspection from the 3 rd until the 13 th week after sowing, except in the 8 th week after seed treatment, before foliar application. Tables 3 and 4 show reductions in infestation percentage (efficacy) over the eleven weeks after sowing and average efficacy in both seasons 2013/14 and 2014/15. The results showed that the infestation reduction and general efficacy were approximate in both experimental seasons but the weekly reduction of infestation and general efficacy were higher at the recommended doses of Nufidor 60 FS, Cruiser 70 WS and Actara 25 WG than the half and quarter doses in both seasons. Also, reduced infestation further decreased over the following weeks until the 8 th week, when Actara insecticide was sprayed. Thereafter, the reduction of infestation percentage increased in the 9 th week and decreased gradually by the 13 th week.
Data presented in Tables 5 and 6 for the 2013/14 season show the impact of seed treatment at sowing, followed by foliar application, of the recommended rates of the tested insecticides (because most Egyptian farmers use the recommended or higher doses, rather than lower doses against insect pests). Data revealed no significant differences between treatments with insecticides and control regarding the mean number of Chrysoperla carnea and Syrphus spp. However, significant differences were detected in the mean number of coccinellids on wheat plants treated with imidacloprid seed application, before foliar application, during the 6 th and 7 th weeks after sowing, and also after foliar application with thiamethoxam at the intervals of 9, 10, 11, 12 and 13 weeks after sowing. Regarding thiamethoxam seed treatment, there were significant differences in coccinellid populations on wheat plants 3, 4, 7 and 8 weeks after sowing, before foliar application, and only in the 10 th week after spraying with thiamethoxam. Also, data in Tables 7 and 8 for the 2014/15 season revealed that the tested insecticides had no significant differences between treatments and control in the mean number of Chrysoperla carnea and Syrphus spp. On the other hand, significant differences in the mean number of coccinellids were observed on wheat plants treated with Nufidor (imidacloprid) as seed application before foliar treatment at the intervals of 4 and 6 weeks after sowing, and in the 9 th week after foliar application of Actara (thiamethoxam). Moreover, significant differences in the mean number of coccinellids was observed on wheat plants treated with Cruiser seed application before foliar application 3, 4 and 7 weeks after sowing, while differences were insignificant in coccinellid populations on wheat plants after the foliar application of Actara (thiamethoxam).
dIScUSSIon
Neonicotinoid insecticides move through plants after seed treatment as the seeds germinate, and provide aphid control over 4 to 15 weeks, depending on the rate of application, environmental conditions, type of treated plants and type of experiment (laboratory, greenhouse or field) (Zidan, 2012) . Only early-season aphids of wheat were inspected in this study. Management of other wheat aphids that occur later in the season and fall outside the activity spectrum of neonicotinoid insecticide seed treatment may have a different spectrum of alternative treatments. Therefore, foliar neonicotinoid application is considered one of the most important treatments to manage wheat aphids, either using it alone (on plants not exposed to neonicotinoid insecticidal seed treatments) or in combination (on plants previously treated with a neonicotinoid insecticide at seed stage).
In the current study, insecticide seed treatments and foliar application 8 weeks after sowing during 2013/14 and 2014/15 seasons led to significant reductions in infestation rates and decreases in wheat aphid population. These results are in agreement with data reported by Harvey et al. (1996) , who found that imidacioprid seed treatment controlled corn leaf aphids and greenbugs (Homoptera: Aphididae) for 3 to 4 weeks after sowing but not for 7 weeks. Mahmoud and Osman (2015) reported that treatment of canola (Brassica napus L.) seeds with neonicotinoid insecticides, followed by a foliar application with salicylic acid, was not effective in managing the cabbage aphid, Brevicoryne brassicae L. in the late growing season from 15 th to 21 st week. Torres and Ruberson (2004) showed that thiamethoxam and imidacloprid provided significant control of whitefly, compared to untreated plots, for a duration of up to 40 days. Neonicotinoid seed treatments showed positive effects on wheat aphid populations and reduction of infestation until 8 weeks from sowing. But, when the foliar neonicotinoid insecticide was applied 8 weeks after seed treatments the effect was significant in terms of reduction of aphid population. The results showed that the efficiency of the tested insecticides, regarding the percent reduction of aphid infestation on wheat plants, decreased with decreasing application rates of the insecticides. Likewise their efficiency decreased with increasing time intervals of inspection after seed treatment, as well as after foliar application.
The current study revealed no significant differences between insecticide treatments and control in the mean number of Chrysoperla carnea, Syrphus spp. and Coccinella spp. The side effects of neonicotinoid insecticides when applied as drenches, granules or growth media on natural enemies have shown less toxicity to a variety of predators and parasitioids (Mensah, 2002; Ahmed et al., 2014) .
In conclusion, neonicotinoid seed treatment provides excellent control at the early stage of infestation by aphids. Conversely, their management in the later stage of infestation is moderate or relatively weak. Neonicotinoid seed treatments and foliar application of neonicotinoid insecticides offer different but potentially compatible approaches to suppressing aphid populations and reducing their infestation rates. The efficacy of managing aphids increases when neonicotinoid seed treatments and foliar application of neonicotinoid insecticides are used in combination. Undoubtfully, natural enemies play an important role in regulating the host population; therefore, using neonicotinoid insecticides in IPM programs for aphids may offer the best control of pest populations while preserving the natural enemies that also control pests.
